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MANUFACTURING PROCESS FOR NO-DONATING COMPOUNDS 
FIELD OF THE INVENTION 

The present invention relates to a new process for the preparation of NO-donating 
compounds using a sulfonated intermediate. The invention relates to new intermediates 
prepared therein suitable for large scale manufacturing of NO-donating compounds. The 
invention further relates to the use of the new intermediates for the manufacturing of 
pharmaceutical^ active NO-donating compounds. 

BACKGROUND TO THE INVENTION 

NO donating compounds are compounds having a NO or N0 2 group linked to the 
pharmaceutical^ active compound. A linker may be used between the pharmaceutical^ 
active compound and the NO or N0 2 group. 

The advantage of NO donating compounds compared to the parent compound are among 
others a good tolerance and the reduction of gastrointestinal side effects. This is especially 
true for NO donating analogues of NS AIDs such as diclofenac and ketoprofen. 
NO donating analogues of NSAEDs are known for their pharmaceutical activity as 
antiinflammation and/or analgesic agents. 

Different processes for the preparation of NO donating compounds have been described in 
the prior art. 

In Cainelli, et al. (Tetrahedron Lett., 1985, 28, 3369-3372) and Cainelli, et al. (Tetrahedron 
1985, 41, 1385-1392), the substitution of sulfonate esters with tetrabutylammonium nitrate 
or an ion-exchanger with nitrate ions in a solvent such as pentane, toluene or benzene, is 
described. During this process high temperatures are used, which makes the process unsafe 
to use for large scale production. 
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Cainelli, et al, (J. Chem. Soc. Perkin Trans. 1, 1987, 2637-2642) describe the nitrate 
substitution of sulfonate esters by reacting alkylmethanesulfonates with 
tetrabutylanunonium nitrate in toluene. 

5 In Kawamura, et al. (Chem. Parm. Bull., 1990, 38, 2092-2096) an alkylphenylsulfonate is 
reacted with tetrabutylammonium nitrate in toluene. 

The costs for the tetraalkylammonium nitrate sources used in stoichiometric amounts as 
described in these prior art documents are economically undesirable for large-scale 
10 manufacturing of NO donating compounds. Processes wherein cheaper and low molecular 
weight alkali metal nitrates may be used are preferred for economical reasons. However, 
tetraalkylammonium nitrates may be used as phase transfer catalysts in substoichiometric 
amounts. 

is In Hwu, et al. (Synthesis, 1994, 471-474) the preparation of nitrate esters from sulfonic 
acid esters is described. The rather high temperatures and long reaction times used in 
combination with the low stability of the end products obtained, makes this process less 
suitable for large-scale production. In addition, the molar excess of sodium nitrate is at 
least twice as large as in the present invention, which increases costs and may give more 

20 waste problems. Further, the crude product obtained by the method according to Hwu et al, 
needs to be purified either by way of chromatography or distillation to obtain a 
pharmaceutically acceptable purity. Neither of these two purification options are 
appreciated for the large scale manufacturing of NO donating compounds. 

25 ES 2,073,995, discloses the syntheses of alkyl nitrate esters from alkylsulfonates or 4- 
toluenesulfonates and metal nitrates using solvents such as dimethyl formamide, dimethyl 
acetamide, acetonitrile or dimethylsulfoxide. Using dimethyl acetamide or 
dimethylsulfoxide as solvent in the synthesis of NO donating compounds starting from for 
instance sulfonated intermediates gives a crude product which needs to be purified either 

30 by chromatography or by distillation to achieve a pharmaceutically acceptable quality. 



3 

Examples of NSAIDs are diclofenac (compound of formula la) and ketoprofen (compound 
of formula Id): 




Diclofenac (la) Ketoprofen (Id) 



5 WO 95/30641 discloses a process for the preparation of NO donating analogues of 

diclofenac. In said process a dihalide derivates is reacted with a salt of the carboxylic acid 
in DMF. The reaction products were converted into the final products by reaction with 
AgN0 3 in acetoriitrile, in accordance with literature reports. 

The process of the present invention uses a sulfonated intermediate. This intermediate may 
10 be easily manufactured and is highly reactive for reactions with nitrate ions to form 
-nitrooxyalkyl ester. 

In summary, there is a need for a more convenient and more economically efficient process 
for the manufacturing of large scale quantities of pharmaceutical quality of NO donating 
is compounds, and their sulfonated intermediates, where factors like costs, manufacturing 
time, use of more environmentally friendly solvents, etcetera are vital for commercial 
application. The present invention provides for such a process. 

20 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides for a new process to prepare NO-donating compounds. 
Further, it provides for new intermediates and a process to prepare said intermediates, 
especially with regard to large-scale manufacturing. 



The new manufacture proccess of NO-donating compounds is described below. 
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A process for the manufacturing of NO-donating compounds comprising; 

ML T1 A T2 -COO + HO-X-OH ► ML T1 A T2 -COO-X-OH 

(0 Step1 (II) 



ML T1 A T2 -COO-X-OH + RS0 2 CI 
(") 



- ML T1 A T2 -CO0-X-O-S0 2 R 

Step 2 (|||) 



ML T1 A T2 -COO-X-0-S0 2 R + Y-NO,,, - 

(III) Ste P 3 



ML T1 A T2 -COO-X-0-NO m 
(IV) 



wherein: 

M is a radical of a physiologically active compound; 

L is O, S, (CO)O, (CO)NH, (CO)NR\ NH, NR 1 , wherein R 1 is a linear or branched alkyl 
group, or 



-+C 
i 

H 











0 

II 




. a 




b 



or 



I 

-+c 

H 











0 

1! 








b 


. a 







wherein R b is H, Ci-aalkyl or C2-i2alkenyl; 

R 2 is (CO)NH, (CO)NR\ (CO)O, or CR 1 and a and b are independently 0 or 1; 
10 A is a substituted or unsubstituted straight or branched alkyl chain; 
X is a carbon linker; 

R is selected from the group consisting of CVCs alkyl, phenyl, phenylmethyl, 
C1-C4 alkylphenyl, halophenyl, nitrophenyl, halogen, CF 3 and n-C^F?] 
Y-NO3 is lithium nitrate, sodium nitrate, potassium nitrate, magnesium nitrate, calcium 
15 nitrate, iron nitrate, zink nitrate or tetraalkylammonium nitrate (wherein alkyl is a 
Ci-CiB-alky), which may be straight or branched); 
m is 1 or 2; and 

Tl and T2 are each independently 0, 1, 2 or 3; 
with the proviso that 
20 when MLri A-n-COOH is naproxen then X is not (GH2)* 



The term "Ci-C 8 alky!" means an alkyl having 1 to 8 carbon atoms and includes both 
straight and branched chain alky] groups such as methyl, ethyl, n-propyl, i-propyl, n-butyl, 
i~butyl, t-butyl, etc.. 

The term "C1-C4 alkylphenyl" means methylphenyl, ethylphenyl n-propylphenyl, i- 

propylphenyl, n-butylphenyl, i-butylphenyl and t-butylphenyl. 

The term "phenylmethyl" means benzyl. 

The term "halo" and "halogen" refer to fluoro, chloro or bromo. 

The term "halophenyl" and "nitropfoenyl" refer to phenyl groups substituted with one or 

more halogen or nitro group. 

The term "large scale" means a manufacturing scale in the range of "kilogram to multiton". 

M may be any radical of any physiologically active compound. 
MLtj At2-COOH may be any physiologically active carboxylic acid. 

In one embodiment of the invention the group M is an NS AID or COX 1 or 2 inhibitor. 



In another embodiment of the invention the group M is selected from the group consisting 
of 




as described in US 3,641,127, and 
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as described in WO 95/09831, and 




as decribed in WO 95/30641, and 



101006 




10 



CH,n, 






a 




as described in US 6,297260. 
In one embodiment of the invention L is selected from the group consisting of O, S, NH, 
NR\ wherein R 1 is a linear or branched alkyl group, as described in WO 95/09831, and 
(CO) or (CO)O as described in WO 95/30641 , and 
r "1 

i 

c 
i_i 

wherein R b is H, Ci.^alkyl or C2.i2alkenyl and a and b are 
independently 0 or 1, as described in WO 02/053188, 
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wherein Rb, a and b are defined as above; and 
R 2 is (CO)NH, (CO)NR\ (CO)O, or CR 1 . 



In another embodiment of the invention A is selected from the group consisting of 
-(CH 2 ) n -, n is 0, 1,2, 3 or 4, 
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P H 3 



<?h 3 (ch)/ 3 ^ry* 1 \ Y 

XY V^ch 3 ch 3 ch 3 




(CH)i> 



In a further embodiment of the invention A is selected from the group consisting of 
j|_l 3 am ^CH, 




CH, < CH >Li 



and 




CH, 



The linker carbon X may be selected from the group consisting of 

^ wherein A and B are chosen among hydrogen, linear or branched or 
«L cyclic substituted or non substituted alkyl group, and vl is comprised 
"y v1 * between 1 and 10 

B as described in WO 95/0983 1 , and 
-(CH 2 -CH 2 -0) 2 - » ° r a cycloalkyl having 5 to 7 carbon atoms optionally substituted and 
(T ^-ch 2 - wherein m is comprised between 0 and 3, and 
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COOH 



I 

-(ch 2 -ch.ch 2 -cv ■ -(CH-cH-cfrvojp and 

•(CH-CH 2 -0) p , -(CH 2 -CH-0) p 
i I 
R, R c 

wherein R c is H or methyl, and 
p is comprised between 0 and 6» 



as described in WO 95/30641 and WO 02/92072, and 

-(CH^-OCO-fCHg),, wherein q and r each independently comprise between 0 and 6, and 
A A 

-(C)v2-Z —(C) 3 - wherein z is N ' NH* NCH 3 , 0, SO, S or a saturated, unsaturated or 
| | v aromatic 5 or 6 membered ring or 5 or 6 merabered heterocyclic ring 

B g containing one or more heteroatoms selected independently from N, O and S, 

wherein said ring may optionally be substituted, 
and v2 and v3 are independently comprised between 0 and 4 and 
A, B are defined as hereinabove. 

In one embodiment of the invention X is selected from the group consisting of 

linear, branched or cyclic -(CHfeKvl wherein wl is an integer of from 2 to 10; -(CH2)w2~ 

0-(CH2) W 3- wherein w2 and w3 are integers of from 2 to 10; and -CH2-C6H4-CH2- 

5 

In another embodiment of the invention X is selected from the group consisting of 
linear -(CH2)wl- wherein wl is an integer of from 2 to 6; 

-(CH 2 )2-0-(CH 2 )2- and ^ 2 ^6H4-CH 2 -. 

10 In a further embodiment of the invention R is selected from the group consisting of Ci-C 8 
alkyl, phenyl, phenylmethyl, C1-C4 alkylphenyl, halophenyl, nitrophenyl and halogen; 
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In one embodiment of the invention the group MLn An is selected from the group 
consisting of 




In another embodiment of the invention the group MLpi A-n is selected from the group 
consisting of 
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In a particular embodiment the group MLn An is 




Stepl 

MLnA-n-COOH + HO-X-OH-* MLtiA^-COO-X-OH 

(D 00 
wherein M, L, A, Tl , T2 and X are as defined above. 

MLn At2-COOH may be esterified in reaction step 1 by using acid catalysed esterfication 
in the presence of diethylene glycol as described in DE 88-381 1118 where 
p-toluenesulfonic acid is used. 

The esterification step 1 may be performed in a manner known to a person skilled in the 
art, for example by treating the compound of formula I, for example diclofenac, and 
diethylene glycol with an acidic or dehydrating agent. 

One embodiment relates to the process of the invention whereby an acidic or dehydrating 
agent in step 1 is selected from the group consisting of sulphuric acid or its salts, perchloric 
acid (e.g. 70%) or other suitable acids such as polystyrene sulphonic acids, zeolites, acidic 
clays, sand in combination with strong hydrophilic acids such as perchloric acid or gaseous 
hydrogen chloride and montmorillonites. 
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Compounds of formula II may also be prepared in the same manner using 1,4-butandiol, 
1,3-propandiol and triethyleneglycol respectively. In ES 85-548226 thionyl chloride is 
used to catalyse the esterfication. 

The acids may be used in the gas, fluid or solid form. The solid heterogeneous acids can 
relatively easily be filtered from the reaction solution and re-used in large-scale production 
processes. 

Examples of other coupling reagents useful for the esterification step 1 are carbodiimides 
such as MAT-dicyclohexylcarbodiimide (DCC), acid chlorides such as oxalyl chloride, 
chloroformates such as isobutyl chloroformate or other reagents such as cyanuric chloride, 
ty/T-carbonyldiimidazole, diethyl chlorophosphite, 2-chloro-l-methyl-pyridinium iodide 
and 2,2'-dipyridyl disulphide. 

One embodiment relates to the process of thfe invention whereby the solvent in step 1 is a 
non-polar and/or non acidic solvent 

The reaction step 1 may be performed in a solvent selected from the group comprising of 
aromatic hydrocarbons such as benzene or toluene, aliphatic hydrocarbons such as n- 
heptane, ketones such as methyl isobutylketone, ethers such as tetrahydrofuran or 
diethyleneglycol dimethyl ether and chlorinated hydrocarbons such as dichloromethane or 
chlorobenzene, or mixtures thereof. 

Alternatively, an excess of the corresponding diol may be used as solvent optionally mixed 
with any of the other organic solvents mentioned above. 

Compounds of formula II as obtained in step 1 may be purified by way of extraction, 
batch-wise or continuously, to obtain a solution comprising the compound of formula n 
having a chromatographic purity of at least 92% and preferably more than 97% (after 
extraxtion step i) and an alkylene diol or alkylene glycol content below about 0.5% (w/w) 
(after extraction step ii). 
Extraction step i) 

In this extraction step the chromatographic purity is improved. The solution used in this 
extraction step may comprise a mixture of i) alkylene diol or alkylene glycol, ii) water 
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and/or a low molecular weight aliphatic alcohol and iii) a hydrocarbon solvent or mixtures 
thereof or mixtures of organic solvents with hydrocarbon solvents. 
The low molecular weight aliphatic alcohols may be selected from the group consisting of 
methanol, ethanol and propanol, or mixtures thereof. • 

The hydrocarbon solvents used for extraction step i) may be selected from the group 
comprising of toluene, cumene, xylenes, ligroin, petroleum ether, halobenzenes, heptanes, 
hexanes, octanes, cyclohexanes, cycloheptanes, and the like, or mixtures thereof. 
Suitable organic solvents used for extraction step i) may be selected from the groups 
comprising of ketones such as methyl bo-butyl ketone, ethers such as di-n-butyl ether or 
tert-butyl methyl ether and aliphatic esters such as ethyl acetate or n-butyl acetate and 
haloalkanes such as dichloromethane, or mixtures thereof 

The purified compound of formula II is obtained as a solution in a mixture of alkylene diol 
or alkylene glycol with water and/or a low molecular weight aliphatic alcohol. 
Extraction step ii) 

This extraction is performed to lower the alkylene diol or alkylene glycol-content and 
performed after extraction step i) wherein the chromatographic purity is improved as 
described above. The solution may comprise i) a mixture of water and/or a low molecular 
weight aliphatic alcohol and ii) an organic solvent or mixtures of organic solvents. 
The low molecular weight aliphatic alcohols may be selected from the group consisting of 
methanol, ethanol and propanol, or mixtures thereof, 

A suitable organic solvent used for extraction step ii) may be selected from the groups 
comprising of aromatic hydrocarbons such as toluene, cumene or xylenes, ketones such as 
methyl fee-butyl ketone, ethers such as di-/z-butyl ether or /erf-butyl methyl ether and 
aliphatic esters such as ethyl acetate or n-butyl acetate and haloalkanes such as 
dichloromethane, or mixtures thereof. 

The total amount of solvents used in the esterification process step 1, may vary between 0 
to 100 volume parts per weight of starting material. 

The temperature of the esterification step 1 may be between -100°C to +130°C, preferably 
between 0°C and +120°C 
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Step 2 

MLnA-n-COO-X-OH + RSO2CI -> MLn An-COO-X-OSOaR, 
(ID OH) 

wherein: 

M, L, A, Tl, T2, X and R are as defined above. 

The reaction condition in step 2 would suitably involve an excess of RS0 2 C1 in an organic 
solvent or a mixture of organic solvents. 

A suitable solvent in step 2 may be selected from the groups comprising of aromatic 
hydrocarbons such as toluene, cumene or xylenes, ketones such as methyl wo-butyl ketone, 
ethers such as di-n-butyl ether, rerf-butyl methyl ether or tetrahydrofuran, aliphatic nitriles 
such as acetonitrile and aliphatic esters such as ethyl acetate or n-butyl acetate and 
haloalkanes such as dichlororhethane, or mixtures thereof. 

One embodiment relates to the process of the invention whereby the solvents in step 2 are 
selected from a group consisting of toluene, cumene, xylenes, ethyl acetate, acetonitrile, 
butyl acetate and isopropyl acetate, 

A base may be added in step 2. In one embodiment of the invention the base in step 2 may 
be selected from the group consisting of triethylamine, pyridine, jV-methylmorpholine, 
diisopropylethylamine, tributylamine and JV-methyl-piperidine. 

Another embodiment relates to the process of the invention whereby the base in step 2 is 
triethylamine or /V-methylmoipholine. 

A further embodiment relates to the process of the invention whereby a catalyst such as 4- 
(dimethylaniino)pyridine may optionally be used in step 2. 

Compounds of formula III as obtained in step 2 may be purified by crystallisation from an 
organic solvent, optionally using a hydrocarbon as antisolvent to obtain a crystalline solid 
having a purity of about 95% and particularly about 98%. 
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One embodiment relates to the process of the invention whereby the compound of formula 
HI in step 2 is crystallized from an organic solvent, optionally using an antisolvent to 
obtain a crystalline solid having a purity of at least 95%. 

In another embodiment of the invention the solvent used for the crystallisation may be 
selected from the group comprising of aromatic hydrocarbons such as toluene, cumene or 
xylenes, ketones such as methyl iso-butyl ketone, ethers such as di-n-butyl ether, tert-butyl 
methyl ether or tetrahydrofuran, aliphatic nitriles such as acetonitrile and aliphatic esters 
such as ethyl acetate or butyl acetate, or mixtures thereof. 

A further embodiment relates to the process of the invention whereby the solvent used for 
the crystallisation in step 2 is selected from the group consisting of toluene, cumene, 
xylenes, ethyl acetate, acetonitrile, butyl acetate and isopiopyl acetate, or mixtures thereof 
Yet another embodiment relates to the process of the invention whereby the antisolvent 
used for the crystallisation in step 2 is selected from the group comprising of ligroin, 
petroleum ether, halobenzenes, heptanes, hexanes, octanes such as isooctane, 
cyclohexanes, cycloheptanes and alcohols, or mixtures thereof 

Step 3 

MLn At2-CO<>X-OS02R + Y-N0 3 -> MLn A^COO-X-ON0 2 

(in) (iv) 

wherein M, L, A, Tl, T2, X, R and Y are as defined above. 

In step 3 of the manufacturing process, a compound of formula IV is obtained by reacting 
the compound of formula m with a nitrate source (Y-NO3) optionally in the presence of a 
solvent. 

This reaction may be performed with a nitrate source Y-NO3 selected from the group 
consisting of lithium nitrate, sodium nitrate, potassium nitrate, magnesium nitrate, calcium 
nitrate, iron nitrate, zink nitrate and tetraalkylammonium nitrate (wherein alkyl is a Q-Cis- 
alkyl, which may be straight or branched). 
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One embodiment relates to the process of the invention whereby the nitrate sources Y-NO3 
in step 3 is selected from the group consisting of lithium nitrate, sodium nitrate, potassium 
nitrate, magnesium nitrate and calcium nitrate, or mixtures thereof. 

Another embodiment relates to the process of the invention whereby the organic solvent in 
step 3 is a polar aprotic solvent 

In a further embodiment of the invention the polar aprotic solvents used in step 3 may be 
selected from the group comprising of W-methylpyrrolidinone, MAf-dimethylacetamide, 
sulpholane, tetramethylurea, l,3-dimethyl-2-imidazolidinone andnitriles such as 
acetonitrile, or mixtures thereof 

Other solvents may be aromatic hydrocarbons such as toluene, aliphatic hydrocarbons such 
as n-heptane, ketones such as methyl ethyl ketone, methyl isobutylketone, ethers such as 
tetrahydrofuran or diethyleneglycol dimethyl ether, chlorinated hydrocarbons such as 
chlorobenzene, aliphatic esters such as ethyl acetate, butyl acetate or isopropyl acetate, 
nitrated hydrocarbons such as nitromethane, ethylene glycols such as polyethylene glycol 
and mixtures of these, optionally with an added aliphatic alcohols such as methanol, 
ethanol, n-propanol, i~propanol, n-butanol, i-butanol ort-butanol. 

The nitration step 3 may also be performed in water, optionally in combination with any of 
the above listed organic solvents. 

The nitration step 3 may optionally be performed in the presence of a phase-transfer- 
catalyst. 

One embodiment relates to the process of the invention whereby the phase transfer-catalyst 
in step 3 is selected from the group consisting of tetraalkylammonium salt, 
arylalkylammonium salt, tetraalkylphosphonium salt, arylalkylphosphonium salt, crown 
ether, pentaethylene glycol, hexaethylene glycol and polyethylene glycols, or mixtures 
thereof. 

Compounds of formula IV as obtained in step 3 may be purified by crystallisation from an 
organic solvent optionally using hydrocarbons, alcohols or water as anti solvent to obtain a 
crystalline solid product of a purity of 90% and particularly about 95%. 
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One embodiment relates to the process of the invention whereby the compound of formula 
IV in step 3 is extracted batch-wise or continuosly and crystallized from an organic solvent 
optionally using an anti solvent to obtain a crystalline solid having a purity of at least 95%. 

Suitable solvents used for the crystallisation in step 3 may be selected from the group 
comprising of lower alky! acetates e.g. linear or branched alkyl acetates such as ethyl 

acetate, /5<?-propyl acetate or butyl acetate, lower linear or branched C2-6 alkyl alcohols, 

preferably C2-4 alkyl alcohols such as ethanol or /w-propanol, aliphatic and aromatic 

hydrocarbons e.g. €5.12 aliphatic hydrocarbons or Cq-iq aromatic hydrocarbons such as 
isooctane, cumene, xylenes, w-heptane, l-methyI-2-pyrrolidinone or toluene, dialkyl 
ketones e.g. di-Ci-6 alkyl ketones such as acetone, methyl ethyl ketone, methyl we-butyl 

ketone or 4-methyl-2-pentanone, dialkyl ethers e.g. di-Ci.6 alk yl ethers such as di-zsa- 

propyl ether, di-n-butyl ether, tert-butyl methyleter or tetrahydrofuran, aliphatic nitriles 
such as acetonitrile or l-methyl-2-pynolidinone and water, or mixtures thereof. 
One embodiment relates to the process of the invention whereby the solvent used for the 
crystallisation in step 3 is selected form the group consisting of butylacetate, isooctane, 
acetone and water, or mixtures thereof. 

In another embodiment of the invention the antisolvent used for the crystallisation in step 3 
may be selected from the group comprising of lower alcohols such as ethanol or 2- 
propanol, toluene, cumene, xylenes, ligroin, petroleum ether, halobenzenes, heptanes, 
hexanes, octanes, cyclohexanes and cycloheptanes, or mixtures thereof, 
A further embodiment relates to the process of the invention whereby the anti solvent used 
for the crystallisation in step 3 is selected from the group consisting of 2-propanol, 
isooctane, heptane and water, or mixtures thereof. 

The temperature used in process step 1 and 2 may be between -100°C to +130°C. The 
temperature is particularly kept below 130 °C, because the stability of the end product 
might be affected by a high temperature. Reaction step 3 is particularly performed at a 
temperature below 90°C. The temperature used in the crystallization steps may be below 
0°C, for example down to -40°C 
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Another embodiment relates to the process of the invention whereby the temperature is 
between -40°C and 120°C. 

Room temperature shall mean a temperature between 18°C and 25°C. 

The total amount of solvents may vary between 0 to 100 volume parts per weight of 
starting material. 

The skilled person will appreciate that the different reaction steps need different reaction 
times. 

In the process of the present invention the use of explosive intermediates such as 
nitrooxyalkanols are avoided Furthermore, the new process is commercially and 
environmentally more advantageous than the known processes. 

Another advantage of the process of the present invention is that the enantiomeric purity of 
the starting material is at least maintained in the end products (TV) for which asymmetric 
carbons are present. 

One embodiment of the invention relates to a process for the manufacturing of NO 
donating diclofenac of formula IVa, Wb and IVc, comprising: 

step 1, reacting a compound of formula la with HO-X-OH, wherein X is C2H4OC2H4, QHb 
or C2H4OC2H4OC2H4, to obtain compounds of formula Ha, lib or He, 




diclofenac (la) n, 



followed by, 
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step 2, reacting the compounds of formula Ha, lib or He with RS0 2 C1, wherein R is as 
defined above, to obtain compounds of formula Etta, nib or IHc, 




h m, 

and 

step 3, reacting the compounds of formula ma, Hlb or Hie with a nitrate source Y-N0 3 is 
as defined above, to obtain compounds of formula IVa, IVb or IVc, 




HI IV. 



Another embodiment of the invention relates to a process for the manufacturing of NO 
donating diclofenac of formula IVa comprising: 

step 1, reacting the compound of formula la with (Methylene glycol to obtain a compound 
of formula Ha, 




la Ha 
followed by, 
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step 2, reacting the compound of fonnula Ha with RSO2CI, wherein R is as defined above, 
to obtain a compound of formula Ilia, 




Ha Ilia 
5 step 3, reacting the compound of formula Ilia with a nitrate source Y-NO3 as defined 
above, to obtain a compound of formula IVa, 




Ilia IVa. 



10 Another embodiment of the invention relates to a process for the manufacturing of NO 
donating ketoprofen of formula IVd comprising: 

step 1, reacting a compound of formula Id with 1,3-propanediol to obtain a compound of 
fonnula lid, 




followed by, 

step 2, reacting the compound of fonnula Ud with RSO2CI, wherein R is as defined above, 
to obtain a compound of formula Did, 




t 
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step 3, reacting the compound of formula Hid with a nitrate source Y-NO3 as defined 
above, to obtain a compound of formula IVd, 




One embodiment of the invention relates to a process as described above for the 
manufacturing of the S-enantiomer of NO donating ketoprofen of formula IVd 

Another embodiment of the invention relates to intermediates of formula HI, MLri A-n-X- 
O-SO2R, wherein M, L, A, Tl, 12, X arid R are as defined above. 

A further embodiment of the invention relates to compounds of formula Ilia, Hlb, IIIc and 
Hid: 




mc Hid 
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wherein R is selected from the group consisting of Ci-C 8 alkyl, phenyl, phenylmethyl* 
C r C 4 alkylphenyl, halophenyl, nitrophenyl, halogen, CF 3 and n-C^. 

Yet another embodiment of the invention relates to the 5-enantiomer of the compound of 
formula Hid 



wherein R is selected from the group consisting of Ci-Cs alkyl, phenyl, phenylmethyl, 
C1-C4 alkylphenyl, halophenyl, nitrophenyl, halogen, CF 3 and W-C4F9. 

Yet a further embodiment of the invention relates to compounds of formula Ilia, 



IHa 

wherein R is selected from the group consisting of Q-Cg alkyl, phenyl, phenylmethyl, 
C1-C4 alkylphenyl, halophenyl, nitrophenyl, halogen, CF3 and W-C4F9. 

One object of the present invention relates to the use of the compounds of formula HI, 
MLti At2-X-0-S0 2 R, wherein M, L, A, Tl, T2, X and R are as defined above, as an 
intermediate for the manufacturing of a pharmaceutical^ active compound. 

Another object of the present invention relates to the use of the compounds of formula IHa, 
mb, Hie and Hid as defined above, as an intermediate for the manufacturing of 2-[2- 
(nitrooxy)ethoxy]ethyl { 2-[(2,6-dichlorophenyl)amino]phenyl } acetate, 4-(nitrooxy)butyl 
{2-[(2,6-dichlorophenyl)amino]phenyl} acetate, 2-{2-[2-(nitrooxy)ethoxy]ethoxy}ethyl {2- 
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[(2 t 6-dichlorophenyl)amino)phenyl}acetate, 3-(nitrooxy)propyl 2-(2-benzoyIphenyl)- 
propanoate and 3-(nitrooxy)propyI (2S)-2-(2-benzoylphenyl)propanoate. 

Yet another object of the present invention relates to the use of intermediate compounds of 
formula Ilia, mb, IHc and Eld as defined above, prepared according to the process 
described above under step 1 and 2, for the manufacturing of a medicament for the 
treatment of pain and inflammation. 

One embodiment of the invention related to the use of the process as defined above for the 
large scale manufacturing of NO donating compounds of formula IV. 
Another embodiment of the invention related to the use of the process as defined above for 
the large scale manufacturing of the compounds of formula IVa, IVb, IVc and IVd. 

Examples 

The present invention is described in more detail in the following non-limiting examples. 

Synthesis of2-[2~(nitrooxy)ethoxy]ethyl (2'l(2 t 6'dichlorophenyl)amino]phenyl}acetate 
( compound of formula IVa), 

2-(2-hvdroxvethoxV)ethvl {2^f2.6-dichlorophenvnamino1phenvn acetate (compound of 
formula U&\ 

Diclofenac sodium (20 g, 63 mmol) was dissolved in diehylenegiycol (67 g, 0.63 mol) at 
60°C. Toluene (170 mL) and cone, sulfuric acid (4.5 mL, 81.7 mmol) were added after the 
solids had dissolved. The reaction mixture was heated at 60°C for 14 h before addition of 
K 2 C0 3 (1 M, 120 mL). After phase separation the aqueous phase was discarded and the 
organic phase was washed with water (100 mL). The organic phase was concentrated 
under vacuum to give 23 g of Ha as a brown oil (85 % yield, 90 %-area HPLC-purity).MS 
[Ml=384; 'H-NMR (CDCI3) 8 7.34 (app d, / = 8 Hz, 2H), 7.24 (app d, J = 8 Hz, 1H), 
7.12 (app t, 7 = 7 Hz, 1H), 6.92-7.05 (m, 2H), 6.88 (br s, 1H), 6.54 (app d, 8 Hz, 1H), 
4.32 (app t, J = 4 Hz, 2H), 3.85 (s, 2H), 3.64-3.76 (m, 4H), 3.50-3.58 (m, 2H), 2.08 (br s, 
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1H); ,3 C-NMR (CDCI 3 )8 172. 8, 143.1, 138.2, 131.1, 129.9, 129.4, 128,5, 124.6, 124.5, 
123.5, 122.4, 118.7, 72.8, 69.3, 64.7, 62.10, 53.9, 38.9. 

2-(2-r(methvlsulfonvnoxv1ethoxvlethvl (2-rf2.6-dichlorophenv l1aminolphenvl) acetate 
(compound of formula Ula). 

The hydroxiester Ha (23 g, 0.16 mol) isolated in the previous step was dissolved in toluene 
(300 mL) and W-methyl morpholine (16.9 g, 157 mmol) at 30°C. Methanesulfonyl chloride 
(18.0 g, 157 mmol) dissolved in toluene (50 mL) was added drop wise to the reaction. The 
reaction was heated to 60°C over 2h after which the reaction mixture was washed with 0.1 
M sulfuric acid (200 mL) and water (2 x 200 mL). The organic phase was concentrated 
under reduced pressure and the resulting oil was dissolved in toluene (200 mL) and 
concentrated again. The crude product was dissolved in toluene (150 mL) at 30°C and 
isooctane (150 mL) was added over lh before cooling to 5°C After stirring the resulting 
slurry over night the crystals were filtered off, washed with isooctane (100 mL) and then 
dried at 40°C under vacuum. This gave 52.4 g (71 %) of the title compound as white 
crystals (98.0 %-area HPLC-purity). Mp = 87°C; MS [M+] - 462; 'H-NMR (CDC1 3 ) 5 7.34 
(app d, J = 8 Hz, 2H), 7.23 (app d, J = 7 Hz, 1H), 7.13 (app t, / = 7 Hz, 1H), 6.97 (app q, / 
= 8 Hz, 2H), 6.85 (br s, 1H), 6.54 (app d, / = 8 Hz, 1H), 4.26-4.36 (m, 4H), 3.84 (s, 2H), 
3.68-3.78 (m, 4H), 2.99 (s, 3H); 13 C-NMR (CDCI3) 8 172.2, 142.7, 137.7, 130.9, 129.5, 
128.9, 128.1, 124.2, 124.1, 122.1, 118.3, 100.0, 69.1, 69.0, 64.1, 38.5, 37.6. 

2-f2-(Nitrooxv')ethoxv1ethvl J2-r(2.6-dichlorophenvltemino1phenvll ace tate (compound of 
formula IVa). 

The mesylate IHa (461 g, 0.997 mol) and lithium nitrate (293 g, 4.25 mol) were dissolved 
in AT-methyl pyrrolidinone (1800 mL) and the temperature was set to 75°C. After 3.5 h 
another portion of lithium nitrate (146 g, 2.11 mol) was added. The reaction was run over 
night (total 27 h) before the reaction was stopped by decreasing to 35°<y and addition of 
toluene (1800 mL) and water (1000 mL). The water phase was separated off and the 
organic phase was washed with water (1000 mL). The organic phase was evaporated to 
dryness giving 513 g of IVa which solidified upon standing. An analytical sample (10 g) 
was recrystallised from n-butylacetate (30 mL) and isooctane (60 mL). Mp = 73°C; MS 
[M*] = 429; 'H-NMR (CDCI3) 8 7.34 (app d, J = 8, 2H) 7.24 (app d, / = 8 Hz, 1H), 7.12 
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(app t, J = 8 Hz, 1H), 6.97 (app q, / = 8 Hz, 2H), 6.86 (br s, 1H), 6.55 (d, J = 8 Hz, 1H), 
4.54 (t, / = 4 Hz, 2H), 4.30 (t, 5 Hz, 2H), 3.84 (s, 2H), 3.66-3.74 (m, 4H); 13 C-NMR 
(CDC1 3 ) 5 171. 7, 142.2, 137.2, 130.4, 129.0, 128.4, 127.5, 123.7, 123.6, 121.5, 117.7, 
71.4,68.7,66.6,63.6,38.0 

Synthesis of 4-(nitrooxy)butyl {2-[(2,6-dichlorophenyl)amino]phenylJacetate (compound 
of formula IVb) 

4-Hydroxvbutyl {2-f(2,6-dichlorophenvl)amino1phenvn acetate (compou nd of formula 

To a mixture of Diclofenac sodium (20.0 g, 62.9 mmol) and 1,4-butanediol (56.6 g, 629 
mmol) in toluene (120 mL) at 65 °C was added sulfuric acid (4.5 mL, 84.5 mmol). The 
resulting clear solution was stirred at 65 °C over 6 h before cooling to 50 °C. The reaction 
mixture was washed with aqueous potassium bicarbonate (0.2 M, 120 mL) and water (2 x 
120 mL). After phase separation the toluene was evaporated giving 22.9 g Ha as a brown 
oil (88 %, HPLC purity of at least 89 %-area), which was used in the next step. 'H-NMR 
(CDCI3) 6 7.34 (app d /= 8 Hz, 2H), 7.23 (app d, /= 8 Hz, 1H), 7.13 (app t, J= 7 Hz, 
1H), 6.97 (app q, J a 8 Hz, 2H), 6.56 (app d, J = 8 Hz, 1H), 4.19 (t, J = 7 Hz, 2H), 3.82 (s, 
2H), 3.63 (t, / = 7Hz, 2H), 1.7M.80 (m, 2 H), 1.55-1.64 (m, 2H); l3 C-NMR (CDC1 3 ) 5 
172.4, 142.6, 137.7, 130.8, 129.4, 128.8, 127.9, 124,4, 124.0, 121.9, 118.2, 65.1, 62.1, 
38.6, 28.9, 25.0. 

4-r(Methvlsulfonvl)oxvlbutvl \ 2-r(2.6-dicMorophenvDamino1phenvl } acetate (compound 
of formula EObV 

The ester lib (20 g, 54 mmol) from the previous step and methanesulfonyl chloride (7.5 g, 
65.1 mmol) were dissolved in toluene (100 mL) at 20 °C. JV-Methylmorpholine (6.0 g, 59.7 
mmol) was added drop wise. After complete addition the solution (slightly cloudy) was 
heated at 40 °C over 5 h. Toluene was added (40 mL) and the reaction was heated at 60 °C 
for 0.5 h before addition of sulfuric acid (aq) (0.1 M, 80 mL). The aqueous layer was 
discarded and the toluene phase was washed with aqueous potassium carbonate (0.6 M, 40 
mL) before evaporation of the toluene to give 35 g of an oil. The resulting oil was 
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dissolved in toluene (60 mL) at room temperature and isooctane was added. The obtained 
slurry was cooled down to 5 C C, the crystals were filtered off and washed with isooctane. 
The crystals were allowed to dry under suction for 1 h. This gave 19.0 g of mb as white 
crystals (79 % yield with a HPLC purity of 98.9 %-area). Mp = 57-58°C. 'H-NMR 
(CDCI 3 ) 6 7.35 (app d, / = 8 Hz, 2H), 7.22 (app d, J = 8 Hz, 1H), 7.13 (app t, J ~ 7 Hz, 1 
H), 6.93-7.01 (m, 2H), 6.88 (br s, 1H), 6.55 (app d, J = 8 Hz, 1 H), 4.15-4.28 (m, 4H), 3.81 
(s, 2H), 2.99 (s, 3H), 1.74-1.84 (m, 4H); ,3 C-NMR (CDC1 3 ) 5 172.3, 142.7, 137.7, 130.8, 
129.5, 128.9, 128.0, 124.2, 124.1, 122.0, 118.3, 69.1, 64.3, 38.6, 64.3, 38.6, 37.4, 25.8, 
24.8. 

4-(Nitrooxv1butvI (2-r(2.6-dichloroDhenvnamino1phenvn aceta te (compound of formula 
IVb). 

Compound mb (5.0 g, 11 mmol) and lithium nitrate (2.2 g, 32 mmol) were dissolved in N- 
methylpyrrolidinone (15 mL) at 70 °C. After 23 h the reaction was cooled to 35 °C, 
toluene (20 mL) was added and me reaction was washed with water (2 x 30 mL). The 
organic layer was dried over NazS0 4 and evaporated to dryness. The resulting oil was 
purified by silica gel chromatography (EtOAc: Hexane; 80:20) and 4.02 g of IVb as a 
colorless oil was collected. l H-NMR (CDCI3) 5 7.34 (app d, J = 8 Hz, 2H), 7.22 (app d, J = 
7 Hz, 1H), 7.08-7.19 (m, 1H), 6.91-7.02 (m, 2H), 6.88 (br s, 1H), 6.55 (app d, / = 7 Hz, 
1H), 4.38-4,46 (m, 2H), 4.14^.21 (m, 2H), 3.81 (s, 2H), 1.71-1.82 (m, 4H); 13 C-NMR 
(CDCI3) 8 172.3, 142.7, 137.8, 130.8, 129.5, 128.9, 128.1, 124.2, 124.1, 122.1, 118.3, 72.5, 
64.3,38.6,25.0,23.5. 

Synthesis of2-(2-[2-(nitrooxy)ethoxy]ethoxyJethyl {2-[(2,6-dichlorophenyl~) aminoj- 
phenyl ) acetate ( compound of formula IVc). 

2-f 2-f 2-Hvdroxvethoxvlethoxvlethvl 1 2-r(2.6-dichlorophenvnam ino1phenvl ) acetate 
(compound of formula Uc). 

Thionyl chloride (1.2 mL, 16.9 mmol) was added to a suspension of Diclofenac (10 g, 33.8 
mmol) and triethylene glycol (90 mL, 676 mmol) at 30°C. The reaction was stirred for 7 h 
before addition of aqueous potassium carbonate (0.27 M, 100 mL) and toluene (100 mL). 
The temperature was increased to 60°C and the water phase was discarded. The organic 
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phase was washed with water (3x100 mL) and concentrated to give 14.4 g of He as an oil. 
This oil was used directly in the next step. 'H-NMR (CDC1 3 ) 6 7.33 (app d, J = 8 Hz, 2H) 
7.23 (app d, J * 7 Hz, 1H), 7.08-7.20 (m, 1H), 6.85-7.07 (m, 3H), 6.54 (app d, J = 8 Hz, 
1H), 4.31 (app t, J = 5 Hz, 2H), 3.85 (s, 2H), 3.71 (m, 4 Hz, 4H), 3.54-3.64 (m, 4H), 2.50 
(app br s, 1H); l3 C-NMR (CDCI3) 6 172.4, 142.8, 137.8, 130.9, 129.6, 128.9, 128.01, 
124.2, 124.1, 122.0, 118.2, 72.5, 70.6, 70.3, 69.0, 64.3, 61.7, 38.5. 

10.10-Dioxido-3.6.9-trioxa-10-thiaundec-l-vl (2-K2.6-d irii1orophenvnaminol- 
phenvl) acetate (compound of formula Hie). 

The hydroxiester He (13.4 g, 31.3 mmol) from the previous step was dissolved in toluene 
(80 mL) together with N-methylmorphoUne (3.5 g, 34.4 mmol) at 30°C. Methanesulfonyl 
chloride (3.9 g, 34.4 mmol) in toluene (10 mL) was added over 15 min. After complete 
addition the temperature was increased to 60°C for 2h and cooled down to 30°C overnight. 
Aqueous sulfuric acid (0.1 M, 40 mL) and the temperature was increased to 60°C. The 
water phase was discarded and the organic phase was washed with water (2x100 mL). The 
organic phase was concentrated to give an oil (15.3 g). This oil was purified by 
chromatography on silica (EtOAc/hexane; 30/70 to 50/50) to give 13.8 g of IHc as a brown 
oil. 'H-NMR (CDCI3) 5 7.34 (app d, / = 8 Hz, 2H) 7.23 (app d, J = 7 Hz, 1H), 7.12 (app t, 
J = 7 Hz, 1H) 6.88-7.02 (m, 2H), 6.54 (d, / = 8 Hz, 1H), 4.75-4.36 (m, 4H), 3.84 (s, 2H), 
3.67-3.74 (m, 4H) 3.6 (app br s, 4 H), 3.04 (s, 3H); 13 C-NMR (CDCI3) 6 172.2, 142.6, 
137.6, 130.8, 129.4, 128.8, 127.9, 124.1, 124.0, 121.9, 118.1,70.4,69.1,68.91,68.87, 
64.2, 60.2, 38.4, 37.5. 

2-12-r2-fNitrooxv > >ethoxv1ethoxv)ethvl <2-rf2.6-dichloroohen vnamino1phenvl) acetate 
(compound of formula IVc). 

Sodium nitrate was added to a solution of the mesylate Die from the previous step (12.7 g, 
25.1 mmol) and tetrabutylammonium nitrate in n-butylacetate (50 mL) and water (1.7 mL) 
at 60°C. The resulting suspension was heated to 85°C for 41 h before cooling to 60°C and 
addition of water (100 mL). The water phase was separated off and the organic phase was 
washed with water (2x100 mL). The organic phase was evaporated to dryness and the 
residue was crystallised from n-butylacetate (26 mL) and 2-propanol (110 mL). The 
crystals were filtered off, washed with 2-propanol (25 mL) and dried under reduced 
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pressure at 40°C to give 9,3 g of IVc as crystals. Mp = 68°C. 'H-NMR (CDC1 3 ) 8 7.34 
(app d, J = 8 Hz, 2H) 7.23 (app d, / = 7 Hz, 1H), 7.12 (app t. J = 7 Hz. 1H), 6.91-7.02 (m, 
3H), 6.55 (app d, / - 8 Hz, 1H). 4.58 (app t, J = 5 Hz, 2H), 4.31 (app t, J = 4 Hz, 2H), 3,85 
(s, 2H), 3.67-3.78 (m, 4H), 3.60 (app s, 4H); ,3 C-NMR (CDC1 3 ) 8 172.4, 142.8, 137.8, 
130.9, 129.5, 128.9, 128.0, 124.3, 124.0, 122.0, 118.3, 72.2, 70.8, 70.6, 69.1, 67.2, 64.3, 
38.5 

Synthesis of3-(nitrooxy)propyl 2-(2-benzoylphenyl)propanoate (compound of formula 
IVd). 

3-Hvdroxvpropvl (2S)-2-(2-benzovlphenvl)propanoate (compound of formula lid) 
A mixture of (S)-ketoprofen (10.0 g, 39.3 mmol), 1,3-propanediol (29.9 g, 393 mmol). 
toluene (40 mL) and cone, sulfuric acid (0.3 g, 3.06 mmol) were heated to 80-95°C for 28h 
before cooling to 45°C and addition of a 5% aqueous potassium carbonate solution (50 
mL). The bottom aqueous layer was separated off and the top organic layer was washed 
with water (2x50 mL). The organic layer was concentrated down to dryness under reduced 
pressure to give 11.9 g of lid as a colorless oil (96%-area LC-purity). The enantiomeric 
purity was >99.5 %-area. MS [M*] = 312, J H-NMR (CDCI3) 8 7.78 (app t, /= 7Hz, 3H), 
7.41-7.68 (m, 6H), 4.30-4.79 (m, 2H), 3.81 (q, J = 7 Hz, 1H), 3.51 (t, J = 6 Hz, 2H), 2.35 
(br s, 1H), 1.82 (quin, / = 7 Hz, 2H), 1.53 (d, J= 7 Hz, 3H); ,3 C-NMR (GDC1 3 ) S 196.7, 
174.4, 140.9, 137.9, 137.4, 132.6, 131.5, 130.1, 129.1, 128.6, 128.3, 61.9, 58.9,45.4, 31.5, 
18.4,14.2. 

3-f(methvlsulfonvl)oxv1propvl (2SV2-(2-benzovlphenvl)propanoate ( compound of formula 
ffldJL 

The hydroxiester nd (5.0 g, 16 mmol) from the previous step was dissolved in toluene (25 
mL). Methanesulfonylchloride (2.2 g, 19.2 mmol) was added to the mixture followed by 
dropwise addition of N-methylmoipholine (1.78 g, 17.6 mmol). The reaction mixture was 
heated at 40°C for lh and then heated to 60°C before addition of aqueous sulfuric acid (0.1 
M, 20 mL) and toluene (10 mL). After extraction the mixture was separated and the 
organic layer was washed with aqueous potassium carbonate (0.93 g in 20 mL of water). 
The organic layer was concentrated under vacuum to give 5.6 g of Hid as an oil. MS [M*] 
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= 391; 'H-NMR (300 MHz, CDCb) 6 7.78 (app t, J = 7 Hz, 3H), 7.41-7.69 (m, 6H), 4.21 
(app t, J = 6 Hz, 2H), 4.18 (app t, J = 6 Hz, 2H), 3.82 (q, / = 7 Hz, 1H), 2.94 (s, 3H), 2.04 
(quin, J= 7 Hz, 2H), 1.55 (d, /= 7 Hz, 3H); l3 G-NMR (100 MHz, CDCI3) 5 196.4, 173.8, 
140.7, 138.0, 132.5, 131.4, 130.0, 129.1, 129.0, 128.6, 128.3, 66.0, 60.4, 45.3, 37.2,28.4, 
18.2. 

3-(nitrooxv>propv1 g^-te-benzovlphenvllpropa Tioate (compound of formula IVd). 
A mixture of the mesylate md (5.0 g, 12.8 mmol) from the previous step and lithium 
nitrate (2.65 g, 38.5 mmol) in tf-raethyl pyrrolidinone (15 mL) was heated at 70°C for 9h. 
The heating was removed and the reaction mixture was allowed to reach room temperature 
before addition of toluene (30 mL) and water (20 mL). The layers were separated and the 
organic layer was washed with water (20 mL). Concentration to dryness gave IVd as an oil 
(5.0 g). The enantiomeric purity was 99.5 %-area. MS [M+] = 357; 'H-NMR (300 MHz, 
CDCI3) 6 7.73-7.84 (m, 3H), 7.67 (app d, / = 7 Hz, 1H), 7.38-7.64 (m, 5H), 4.40 (t, J = 6 
Hz, 2H), 4.18 (t, J = 6 Hz, 2H), 3.81 (q, / = 7 Hz, 1H), 2.94 (s, 3H), 2.01 (quin, 7 = 6 Hz, 
2H), 1.55 (d, / = 7 Hz, 3H); ,3 C-NMR (100 MHz, CDCI3) 5 196.4, 173.8, 140.7, 138.0, 
137.5, 132.6, 131.4, 130.0, 129.2, 129.1, 128.6, 128.3, 69.6, 60.8, 45.3, 26.3, 18.3. 
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CLAIMS 



1. A process for the manufacturing of NO-donating compounds comprising; 
ML T1 A T2 -COO + HO-X-OH - ML T1 A TJf COO-X-OH 



(I) 

ML T1 A X2 -COO-X-OH + RS0 2 CI 
(II) 



Stepl 



00 



- ML t1 At2-C00-X-0-SO2R 

Step 2 



ML^A^-COO-X-O-SOaR + Y-NO m 

CO 



ML T1 A T2 -COO-X-0-NO m 

Step 3 (iv) 



wherein: 

Mis a radical of a physiologically active compound; 

L is O, S, (CO)O, (CO)NH, (CO)NR\ NH, NR 1 , wherein R 1 is a linear or branched alkyl 
group, or 

' R b 

R 2 



■+C 

I 

H 











0 






|l 




. a 




b 



or 



-f C 
i 

H 





O 






II 








b 


a 







wherein R b is H t CM 2 alkyl or C2-i2alkenyl; 

R 2 is (CO)NH, (CO)NR\ (CO)0, or CR 1 and a and b are independently 0 or 1; 
A is a substituted or unsubstituted straight or branched alkyl chain; 
X is a carbon linker, 

R is selected from the group consisting of Ci-C 8 alkyl, phenyl, phenylmethyl, 

C1-C4 alkylphenyl, halophenyl, nitrophenyl, halogen, CF3 and n-C^; 

Y-NO3 is lithium nitrate, sodium nitrate, potassium nitrate, magnesium nitrate, calcium 

nitrate, iron nitrate, zink nitrate or tetraalkylammonium nitrate (wherein alkyl is a 

Ci-Cig-alkyl, which may be straight or branched); 

m is 1 or 2; and 

Tl and T2 are each independently 0, 1, 2 or 3; 
with the proviso that 

when MLti At2-COOH is naproxen then X is not (CH 2 )4. 
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2. The process according to claim 1 wherein M is an NSAID or COX 1 or 2 inhibitor. 

3. The process according to claim 1 wherein the group ML T i A-n is selected from the group 
consisting of 
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and 



CH,0 




<6> 



4. The process according to claim 1 wherein the group MLnAn is selected from the group 
consisting of 

.1. 




H 3 <T 





and 




5. The process according to claim 1 wherein the group MLriA-n is 

?H„ — 1 





6. The process according to claim 1 wherein A is selected from the group consisting of 
-(CH 2 )»-,nis 0,1, 2, 3 or 4, 
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7. The process according to claim 1 wherein X is selected from the group consisting of 
linear, branched or cyclic -(CH 2 )- W 1 wherein wl is an integer of from 2 to 10; -(CU^- 
0-(CH2)w3- wherein w2 and w3 are integers of from 2 to 10; and -CH2-C6H4-CH2-. 

8. A process for the manufacturing of NO donating diclofenac of formula IVa, IVb and 
IVc, comprising: 

step 1, reacting a compound of formula la with HO-X-OH, wherein X is C2H4OC2H4, QHg 
or C2H4OC2H4OC2H4, to obtain compounds of formula Ha, lib or He, 




diclofenac (la) E, 



followed by, 

step 2, reacting the compounds of formula Da, lib or He with RS0 2 C1, wherein R is 
defined in claim 1, to obtain compounds of formula IHa, mb or Hie, 
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and 

step 3, reacting the compounds of formula ma, mb or Hie with a nitrate source Y-N0 3 
defined in claim 1 , to obtain compounds of formula IVa, IVb or IVc, 




9. A process for the manufacturing of NO donating diclofenac of formula IVa comprising: 
step 1, reacting the compound of formula la with diethylene glycol to obtain a compound 
of formula Ha, 




followed by, 
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step 2, reacting the compound of formula Ha with RS0 2 d, wherein R is as defined in 
claim 1, to obtain a compound of formula Ilia, 



oar 

XX 



,OH 



+ RS0 2 C1 




O-SOpR 



Ha 



ma 



step 3, reacting the compound of formula THa with a nitrate source Y-N0 3 as defined in 
claim 1 , to obtain a compound of formula IVa, 



CO" 



ma 




^ONO, 




+ Y-NO3 



IVa. 



10. A process for the manufacturing of NO donating ketoprofen of formula IVd 
comprising: 

step 1, reacting a compound of formula Id with 1 ,3-propanediol to obtain a compound of 
formula lid, 




Id 



nd 



followed by, 

step 2, reacting the compound of formula Hd with RS0 2 C1, wherein R is as defined in 
claim 1, to obtain a compound of formula Eld, 



+ RSO2CI 
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nd md 



step 3, reacting the compound of formula ffld with a nitrate source Y-N0 3 as defined in 
claim 1 , to obtain a compound of formula IVd, 




1 1 . The process according to claim 10 for the manufacturing of the S-enantiomer of NO 
donating ketoprofen of formula IVd. 

12. The process according to any one of claims 1 to 1 1 whereby an acidic or dehydrating 
agent in step 1 is selected from the group comprising of sulphuric acid or its salts, 
perchloric acid (e.g. 70%) or other suitable acids such as polystyrene sulphonic acids, 
zeolites, acidic clays, sand in combination with strong hydrophilic acids such as perchloric 
acid or gaseous hydrogen chloride and montmorillonites. 

13. The process according to any one of claims 1 to 12 whereby the solvent in step l is a 
non-polar and/or non acidic solvent. ' 

14. The process according to any one of claims 1 to 13 whereby the solvents in step 2 are 
selected from a group consisting of toluene, cumene, xylenes, ethyl acetate, acetonitrile, 
butyl acetate and isopropyl acetate. 

15. The process according to any one of claims 1 to 14 whereby the base in step 2 is 
triethylamine or N-methylmorpholine. . 

16. The process according to any one of claims 1 to 15 whereby a catalyst used in step 2 is 
4-(dimethylamino)pyridine. 
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17. The process according to any one of claims 1 to 16 whereby the compound of formula 
HI in step 2 is crystallized from an organic solvent, optionally using an antisolvent to 
obtain a crystalline solid having a purity of at least 95%. 

18. The process according to any one of claims 1 to 17 whereby the solvent used for the 
crystallisation in step 2 is selected from the group consisting of toluene, cumene, xylenes, 
ethyl acetate, acetonitrile, butyl acetate and isopropyl acetate, or mixtures thereof. 

19. The process according to any one of claims 1 to 18 whereby the antisolvent used for 
the crystallisation in step 2 is selected from the group comprising of ligroin, petroleum 
ether, halobenzenes, heptanes, hexanes, octanes, cyclohexanes, cycloheptanes and 
alcohols, or mixtures thereof. 

20. The process according to any one of claims 1 to 19 whereby the nitrate sources in step 
3 is selected from the group consisting of lithium nitrate, sodium nitrate, potassium nitrate, 
magnesium nitrate and calcium nitrate, or mixtures thereof. 

21. The process according to any one of claims 1 to 20 whereby the organic solvent in step 
3 is a polar aprotic solvent. 

22. The process according to any one of claims 1 to 21 whereby the phase transfer-catalyst 
in step 3 is selected from the group consisting of tetraalkylammonium salt, 
arylalkylammonium salt, tetraalkylphosphonium salt, arylalkylphosphonium salt, crown 
ether, pentaethylene glycol, hexaethylene glycol and polyethylene glycol, or mixtures 
thereof. 

23 . The process according to any one of claims 1 to 22 whereby the compound of formula 
IV in step 3 is extracted batch-wise or continuosly and crystallized from an organic solvent 
optionally using an anti solvent to obtain a crystalline solid having a purity of at least 95%. 
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24. The process according to any one of claims 1 to 23 whereby the solvent used for the 
crystallisation in step 3 is selected from the group consisting of butylacetate, isooctane, 
acetone and water, or mixtures thereof. 

25. The process according to any one of claims 1 to 24 whereby the anti solvent used for 
the crystallisation in step 3 is selected from the group consisting of 2-propanol, isooctane, 
heptane and water, or mixtures thereof. 

26. The process according to any one of claims 1 to 25 whereby the temperature is between 
-40°C and 120°C. 

27. Compounds of formula ma, mb, Die and md: 



CQr * 

XX 




ma 



mb 



OCX 



0 0-S0 2 R 



mc 

wherein R is selected from the group consisting of d-C 8 alkyl, phenyl, phenylmethyl, 
C1-C4 alkylphenyl, halophenyl, nitrophenyl, halogen, CF 3 and nrC^. 
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28. Compound of formula Ilia, 




wherein R is selected from the group consisting of C,-C 8 alkyl, phenyl, phenylmethyl, 
C1-C4 alkylphenyl, halophenyl, nitrophenyl, halogen, CF 3 and n-C& 9 - 

29. Use of the compounds of formula m, MLnA-rz-X-O-SOzR, wherein M, L, A, Tl, T2, X 
and Rare as defined in claim 1, as an intermediate for the manufacturing of a 
pharmaceutically active compound. 

30. Use of the compounds of formula ma, mb, Hie and Hid, according to claims 27 or 28, 
as an intermediate for the manufacturing of 2-[2-(nitrooxy)ethoxy]ethyl {2-[(2,6- 
dicMorophenyl)armno]phenyl}ace^ 

phenyl}acetate,2-{2-[2-(mtrooxy)ethoxy]emoxy}emyl{2-[(2,6-dichlorophenyl)amino]- 
phenyl}acetate, 3-(nitrooxy)propyl 2-(2-benzoylphenyl)propanoate and 3-(nitrooxy)propyl 
(25>2-(2-benzoylphenyl)propanoate. 

31. Use of intermediate compounds of formula ma, mb, mc and Hid as defined in claims 
27 or 28, prepared according to the process according to any one of claims 1 to 26, for the 
manufacturing of a medicament for the treatment of pain and inflammation. 

32. Use of the process according to any one of claims 1 to 26, for the large scale 
manufacturing of NO donating compounds of formula IV. 

33. Use of the process according to any one of claims 1 to 26, for the large scale 
manufacturing of NO donating compounds of formula IVa, IVb, IVc and IVd. 



ABSTRACT 
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The present invention relates to a new process for the preparation of NO donating 
compounds and to new intermediates obtained and used therein. The invention further 
relates to the use of the new intermediates for the manufacturing of pharmaceutical^ 
active compounds. 

The invention also relates to the use of NO donating compounds prepared according to the 
process of the present invention for the manufacturing of a medicament for the treatment of 
pain and inflammation. 



